Most ofthe many published guidelines on how to conduct mutagenicity tests do not give advice or references on statistical analysis of data. The U.K. Environmental Mutagen Society decided to address this omission, and in 1985 established 8 working groups comprising genetic toxicologists from all sectors of the science, plus at least 2 statisticians per group, to produce statistics guidelines on 10 different test systems. Each group gave advice on how to determine the suitability of data for distribution fitting, when data are unsuitable, when and how data should be transformed, which statistical tests are suitable foragiven set ofdata, which facors governthechoiceofstatistical test, anorderofpreference, and some worked examples using real data. In addition, groups gave advice on statistical issues in the design ofexperiments. Strong recommendations were made that for in To tests, sufficient cells be treated and sampled to provide meaningful values ofspontaneous mutant/aberration frequencies, for genuine, independent replicate tents to be used, and that the acceptability Ofan experiment should be based on homogeneity between replicates as well as comparison ofnegative and positive control responses with historical ranges. It was recommended that most in Wm studies should include independent repeat experiments, and advice was given on how to check for consistency between experiments and then combine data for further significance testing. For in vvo tests, it was generally believed that increasing the number ofdose levels and reducing the number of animals per dose imposes statistical sensitivity; there was some uncertainty about how to handle data when heterogeneity was found within a group ofanimals, but there was a consensus that statistical tests and interpretation of the biological findings should proceed.
Introduction
Many guidelines for mutagenicity testing [e.g., Organisation for Economic Cooperation and Development (1) (2) (3) . European Economic Community (EEC) (4), and U.K. Environmental Mutagen Society (UKEMS) (5, 6) ] that have made recommendations on methods for generation of data have not made similar recommendations on analysis ofdata. Statements such as "data should be analysed using appropriate statistical methods" are common, without referring the reader to any useful publication. Interestingly, it appears the Japanese Ministry of Health and Welfare has not requested in their guideline (7) that mutagenicity data be analysed statistically. UKEMS decided that, having published two guideline books on how to generate data (5, 6) , it should attempt to prepare a similar guideline on statistical analysis of data.
Organization
As in the past, UKEMS decided recommendations should be achieved by consensus, rather than being those ofan individual, and for each topic a working group toxicologist with recognized experience in the topic area, and each group included at least two statisticians. Working group members were selected to represent all sectors of the science, namely, academic, industrial, and contract laboratory genetic toxicologists and statisticians. A steering group (effectively a subcommittee ofUKEMS) was established to oversee the exercise, and comprised seven genetic toxicologists and three statisticians representing the same scientific sectors as above, but also including representatives of U.K. regulatory authorities.
Aims and objectives
Ten different mutagenicity test systems were selected for assessment and grouped into eight topics. For each topic, the working group was required to consider: a) how to determine the suitability ofdata obtained from an assay for fitting a distribution, when the data are unsuitable, when and how data should be transformed; b) the types ofstatistical analyses that can be used with the assay data under consideration, which, if any, factors govern the choice of analysis, an order of preference if several types ofanalysis may be used; and c) some examples using real data to help the reader understand the above. In addition, working groups were asked to consider the statistical implications ofexperimental design, and to make recommendations where appropriate.
Finally, with the exception ofgeneral principles that would be presented in an introductory chapter, and could be referred to in any of the individual reports, each report was to be written to stand alone. The reason for this dates back to the original UKEMS reports, which were rather like handbooks, and an experimenter interested in one topic would find all the relevant information in a single chapter. It was recognized that this approach with a statistics book could lead to some repetition or even some contradictions. UKEMS was prepared to accept repetition in return for the benefits ofproviding integral chapters. Contradictions would be avoided by following a previously established procedure, namely, a) working groups discuss objectives, chairman (or statistician) drafts manuscript, other group members comment; b) corrected manuscript reviewed by steering group members individually, comments collated on one copy, returned to working group chairman; c) steering group and all working group chairmen meet to see if all comments can be accommodated, particularly aiming to remove inconsistencies between different manuscripts. If one looks at replicate 96-well plates from the same culture, then the proportion of empty wells varies binomially. However, extra variability is found when one observes plates from different cultures, particularly after prolonged subculturing (14) . The authors compared observed variances from several experiments with theoretical binomial variances and found the ratio to be fairly constant. The groups believed this was a good measure, therefore, of variability within an experiment and decided to call the ratio the heterogeneity factor after its comparable use in biological assays (15) . Although the ratio can be estimated from a single experiment, the authors recommended each new ratio from a new experiment be used to update (say, in the proportions of 19:1) a historical value and then be compared with it. According to the F-distribution, heterogenicity factors exceeding the updated historical value more than 10.8-fold would be extremely rare (0.1% one-sided, with 1 In an acceptable assay, it is assumed that the variability between cells sampled from different cultures is no greater than that between cells sampled from the same culture. It is therefore recommended that acceptable homogeneity be checked using the binomial dispersion test.
Recommendations
Assuming acceptable homogeneity, recommended data from replicates are combined, giving an overall proportion ofaberrant cells for each treatment or negative control; the proportions at each treatment are compared with the control using Fisher's exact test.
Sister Chromatid Exchange Tests
Sister chromatid exchanges (SCEs) are reciprocal exchanges between the sister chromatids of a chromosome and represent a consequence of genetic damage, which is, as yet, poorly understood. The experimental unit is either the culture (in vitro) or the animal (in vivo).
Sister chromatid exchanges in Chinese hamster ovary (CHO) cells are Poisson distributed (17) , but in human lymphocytes and in animals they are not; and there is no single family ofdistributions that can be used for all data sets (18) . Although a squareroot transformation can therefore be used for SCE in CHO cells, appropriate transformations for other systems need to be empirically determined.
The transformation is to ensure that the data to be analyzed are of approximately constant variance, and then it is recommended that analysis of variance (ANOVA) be carried out. The 
